We investigated temperature dependent optical conductivity spectra of La 7/8 Sr 1/8 MnO 3 . Its phonon bending mode starts to be splitted near a structural phase transition temperature. With further cooling, strength of a midinfrared small polaron peak, which is located at 0.4 eV, becomes increased.
There have been lots of attentions paid on physical properties of doped manganites due to their scientific interests as well as potential applications. For x > 0.17, La 1−x Sr x MnO 3 (LSMO) shows a metal-insulator (MI) transition and colossal magnetoresistance (CMR) near a ferromagnetic (FM) ordering temperature, T C . On the other hand, LSMO samples with 0.10 ≤ x ≤ 0.17 display a series of intriguing transitions. It experiences a structural change at T S (> T C ). Just below T C , its temperature-dependent resistivity, ρ(T ), shows a metal-like behavior. However, it finally enters into an insulating state at T P (< T C ).
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Using neutron diffraction measurements, Kawano et al. 2 showed that the LSMO samples with 0.10 ≤ x ≤ 0.17 have two kinds of orthorhombic phases: one is the O ′ phase with static Jahn-Teller (JT) distortion, while the other is a pseudocubic phase, called the "O * phase".
In particular, they claimed that the x=1/8 sample exhibits
transitions at T S and T P . From neutron scattering measurements, Yamada et al. 3 observed appearance of satellite reflection peaks below T P . To explain this intriguing phenomenon, they used a polaron/charge ordering model. They showed that, below T P , undistorted (001) planes where holes construct a 2×2 square lattice alternate with (MnO 2 ) − planes containing a static JT ordering of the oxygen displacements as in the LaMnO 3 (001) planes. They also argued that the locking into the commensurate structure should occur for LSMO samples within a finite concentration range around the nominal value of x=1/8.
Later, Zhou et al. 4 claimed that a dynamic segregation into the hole-rich and the holepoor regions should occur at T S , even though such a dynamic process would remain undetected by the diffraction experiments. Moreover, in the temperature range of T P < T < T C , they argued that the metallic behavior is not due to itinerant-electron conduction but that it comes from three-manganese clusters.
Recently, a couple of groups suggested existence of a phase separation (PS) in the lightly Hamiltonian where spin and orbital degrees were treated on an equal footing, they showed the PS between the spin-FM phases. However, they claimed that the insulating phase was caused by superexchange interaction between neighboring e g spins, so that the JT distortion was irrelevant in the insulating phase.
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In spite of these interesting physical phenomena, optical properties of La 7/8 Sr 1/8 MnO 3
have not been investigated in detail. 8 In this paper, we report details of our optical investigations, including T -dependent changes in phonon spectra and infrared (IR) absorption features. These changes will be discussed in terms of a phase separation and a percolationtype transition.
A polycrystalline La 7/8 Sr 1/8 MnO 3 sample was prepared by the conventional solid-state reaction method. 9 X-ray powder diffraction measurement showed that the sample did not contain secondary phases, and electron-probe microanalysis indicated that its chemical composition was stoichiometric within an error bar of 1 %. The T -dependent resistivity was measured by the four-probe method and magnetization, M, was determined using a SQUID magnetometer.
We measured reflectivity spectra R(ω) from 0.01 to 30 eV. To obtain T -dependent R(ω)
in the frequency region from 0.01 to 2.5 eV, we used a liquid He-cooled cryostat. Since there were less than 2 % changes near 2.5 eV, we attached the low temperature R(ω) smoothly with room temperature data above the frequency. Optical conductivity spectra σ(ω) were obtained using the Kramers-Kronig (KK) transformation. Details of reflectivity measurements and the KK analysis for other manganite samples were described earlier. At the low temperature region, ρ(T ) can be fitted reasonably well with the variable range hopping model: ρ(T )=ρ 0 exp( 
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There are three important points which should be addressed in these phonon spectra.
First, the optical conductivity spectrum at 15 K (≪ T P ) is quite different from that at 280 6 the local JT distortion might persist below T P , which is consistent with recent pulsed neutron diffraction measurements.
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Second, the bending mode splitting starts to occur at T S (neither T P nor T C ), suggesting that the phonon spectra changes should be closely related to the structural change. Third, could be estimated to be about 0.1 eV, consistent with recent transport measurements. 
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First, in the CMR manganites, the SW in the high energy region is transferred to a Drude term, which is typically small, and a broad mid-IR peak. And, the position of the mid-IR peak shows a very strong T -dependence, which might be related to a crossover from small to large polaron. 19 However, the mid-IR peak position in La 7/8 Sr 1/8 MnO 3 is nearly independent of T . Second, even for the metal-like region of T P < T < T C , σ(ω) of La They argued that the metallic behavior should be originated from three-manganese clusters, in which the hole was alternately at one of the two Mn 3+ ions and was made mobile by dynamic JT coupling to the oxygen vibrations between manganese atoms.
The inset in Fig. 3 shows σ(ω) measured at 85 K and 250 K by the spectroscopic ellipsometry in a photon energy region of 1.5 ∼ 4.0 eV: as T decreases, σ(ω) decrease slightly with a broad background. [A similar SW change in the visible-UV region was observed for a La 0.6 Sr 0.4 MnO 3 thin film using a transmission measurement. 20 ] Within our experimental errors, the total change of the SW measured by the spectroscopic ellipsometry is close to that observed below 1.5 eV, and with an opposite sign. This fact suggests that a significant portion of the SW in the mid-IR region was transferred from those between 1.5 and 4.0 eV.
To investigate the SW changes quantitatively, we regarded σ(ω) as a sum of two compo- The T -dependent σ ms (ω) data are shown in Fig. 4 , and they were analyzed with double peak structures. The strong peak near 1.5 eV, which will be called "Peak II", is nearly temperature independent. The peak near 0.4 eV, which will be called "Peak I", is quite weak at 210 K, but it becomes evident around 180 K (i.e. just below T C ). As T becomes lower, it becomes stronger. In our earlier doping dependent studies on optical properties of La 1−x Ca x MnO 3 , 21 similar double peak structures were observed. And, recent calculations by Yunoki, Moreo, and Dagotto 5 also predicted such double peak structures in σ(ω). Based on these works, we assigned Peaks I to a small polaron absorption. 22 With this assignment, the temperature dependence of Peak I can be explained qualitatively. Below T C , t 2g spins are aligned to make it easier for an e g electron to hop from a JT splitted Mn 3+ site to an unsplitted Mn 4+ site.
A fitting procedure with two Gaussian functions was used to find more quantitative 6 behaviors of this double peak structure. Strengths of the peaks, S In summary, we investigated optical conductivity spectra of La 7/8 Sr 1/8 MnO 3 . The phonon bending mode starts to be splitted near a structural transition temperature. At lower temperature, the strength of the mid-infrared small polaron peak becomes increased.
Even in the metal-like region, the Drude peak was not observed. 
